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Self-reported health as a predictor 
of mortality: A cohort study 
of its relation to other health 
measurements and observation time
Geir Lorem  1*, Sarah cook2, David A. Leon  2, nina emaus1 & Henrik Schirmer1,3,4
Self-reported health (SRH) is widely used as an epidemiological instrument given the changes in public 
health since its introduction in the 1980s. We examined the association between SRH and mortality 
and how this is affected by time and health measurements in a prospective cohort study using repeated 
measurements and physical examinations of 11652 men and 12684 women in Tromsø, Norway. We 
used Cox proportional hazard regression to estimate hazard ratios (HRs) of death for SRH, controlling 
for pathology, biometrics, smoking, sex and age. SRH predicted mortality independently of other, 
more objective health measures. Higher SRH was strongly associated with lower mortality risk. poor 
SRH had HR 2.51 (CI: 2.19, 2.88). SRH is affected by disease, mental health and other risk factors, but 
these factors had little impact on HRs (Poor SRH: HR 1.99; CI: 1.72, 2.31). SRH predicted mortality, but 
with a time-dependent effect. Time strongly affected the hazard ratio for mortality, especially after 
ten-year follow-up (Poor SRH HR 3.63 at 0–5 years decreased to HR 1.58 at 15–21 years). SRH has both 
methodological and clinical value. it should not be uncritically utilised as a replacement instrument 
when measures of physical illness and other objective health measures are lacking.
The connection between self-reported health (SRH) and mortality was described quite early in the history of 
SRH. The predictive validity of SRH has repeatedly been confirmed and even found to be a stronger predictor of 
all-cause mortality than instruments designed specifically for this purpose1. SRH has also been shown to be stable 
across cultures, communities and different age groups2–9. SRH is today frequently used as the only measure of 
health when more extensive measurements of health are lacking.
SRH is related to disease burden as well as to mental health and social context. SRH is known to be an inclu-
sive instrument that seems to go beyond a model of health as an absence of disease. SRH reflects coping resources 
and influences health-related behaviour that affects outcome10–17. It is therefore plausible that SRH predicts mor-
tality because subjects merely report their clinical and subclinical conditions18,19. SRH is also a dynamic instru-
ment likely to change during a life span, but we find no studies that examine the effect of observation time on its 
ability to predict mortality.
In this paper, we ask whether SRH still represents a valid instrument of epidemiological research. Studies of 
SRH and mortality often lack comprehensive health measures, are based on limited samples (e.g. patient popu-
lations) or have limited follow-up time. The Tromsø study (TS) included measures of SRH in 1986. We are thus 
able to track how subjects in the same population rated their health on three different occasions over 25 years as 
they aged and the public health context changed around them. We aim to determine the strength of association 
between different levels of SRH and mortality risk, how this is affected by other measurements of health, and 
whether these associations remain stable over time.
Results
Changes in characteristics from 1994 to 2007. Table 1 shows the characteristics of the cohort during 
the three surveys. We see that more subjects lived with a higher number of comorbid diseases as they grew older. 
The mean age increased from 47.8 in 1994 to 62.3 in 2001, falling slightly to 61.2 in 2007. The comorbid burden 
has been measured using the Health Impact Index (HII), and Table 1 shows how age- and sex-standardised mean 
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HII increased from 1.2 in 1994 to 1.6 in 2007. We see a corresponding decline in SRH over the same period. In 
1994 70.4% reported SRH as good or very good, but the figure declined to 61.1% in 2001 and 63.9% in 2007. The 
percentage of participants who rated their health as very good fluctuated; here, the figures were 14.7% in 1994, 
7.9% in 2001 and 13.4% in 2007. Those with self-reported poor health remained stable at 2.3% in both 1994 and 
2001, but increased to 5.5% in 2007. Cholesterol and blood pressure increased during the follow-up period but, 
as shown in the age-adjusted estimates, there was a relatively small but statistically significant decline over the 
period. There was an increase in obese subjects (BMI ≥ 30 kg/m2) from 11.2% in 1994 to 19.6% in 2007, while 
the number of daily smokers decreased from 35.7% to 20.1% in the same period. We found that all trends were 
significant (p < 0.0001). All pairwise comparisons were significant, and the effect sizes were moderate.
Table 2 shows the observed and age-adjusted values versus SRH at baseline. The analytical goal was to show 
how age, comorbidity and underlying risk factors were associated with SRH. There was a significant positive asso-
ciation between SRH and beneficial risk factors. All surveys showed a similar trend, but the table only displays the 
baseline estimates. SRH levels declined with increasing age. SRH was strongly associated with both mental health 
symptoms and specific medical conditions (HII). Age-adjusted SRH levels were consistently associated with ben-
eficial levels of BP, cholesterol and BMI. There was a large and independent effect size for age, comorbid disease 
1994 2001 2007
Count Freq% Adjusted% Count Freq% Adjusted% Count Freq% Adjusted%
Self-reported health
Poor 561 2.3% 157 2.3% 509 5.5%
Not so good 6631 27.2% 2445 36.5% 2819 30.6%
Good 13567 55.7% 3563 53.2% 4665 50.6%
Very good 3577 14.7% 530 7.9% 1234 13.4%
Age and sex
Age (Mean/SD) 47.8 (14.7) 62.6 (11.4) 61.2 (11.1)
Women 12684 52.1% 3858 56.6% 4967 53.3%
Men 11652 47.9% 2958 43.4% 4349 46.7%
Mean SD Adjusted Mean SD Adjusted Mean SD Adjusted
Disease and risk factors
Comorbid disease (Mean/
SD) 1.0 (1.7) 1.2 1.8 (2.2) 1.4 1.8 (2.2) 1.6
Hypertension (Mean/SD)
Systolic blood pressure 
(mmHg) 135.2 (20.6) 139.4 140.8 (21.9) 135.1 138.9 (23.4) 136.0
Diastolic blood pressure 
(mmHg) 78.5 (12.4) 80.4 80.9 (12.3) 79.7 78.3 (10.7) 77.9
Hyperlipidia (Mean/SD)
Total cholesterol (mmol/l) 6.1 (1.3) 6.3 6.3 (1.2) 6.1 5.7 (1.1) 5.6
High density lipoprotein 
cholesterol (mmol/l) 1.5 (0.4) 1.5 1.5 (0.4) 1.4 1.5 (0.4) 1.5
Count Freq% Adjusted% Count Freq% Adjusted% Count Freq% Adjusted%
Mental health symptoms (HSCL-10
No symptoms 2046 8.4% 8.1% 2243 38.0% 38.9% 2945 33.6% 33.6%
Some symptoms 15630 64.2% 64.0% 2309 39.1% 38.1% 3426 39.1% 38.1%
Sub-threshold 4918 20.2% 20.5% 984 16.6% 17.0% 1703 19.4% 20.4%
Significant symptoms 1742 7.2% 7.4% 374 6.3% 6.0% 688 7.9% 7.9%
Body Mass Index
<18.5 Kg/m2 307 1.3% 1.3% 71 1.0% 0.6% 64 0.7% 0.6%
18.5–25 kg/m2 12336 50.7% 49.3% 2405 35.5% 39.6% 3145 33.8% 36.0%
25–30 kg/m2 9082 37.3% 38.1% 2991 44.1% 44.2% 4191 45.1% 43.7%
>30 kg/m2 2611 10.7% 11.2% 1312 19.4% 15.6% 1902 20.4% 19.6%
Smoking status
Current smoker 8844 36.4% 35.7% 1863 27.5% 32.4% 1739 19.0% 20.1%
Previous smoker 2594 38.3% 32.4% 4112 44.9% 40.9%
Never smoked 15481 63.6% 64.3% 2317 34.2% 35.3% 3309 36.1% 38.9%
Table 1. Characteristics of the cohort in the Tromsø 4–6 surveys with age- and sex-standarised estimates. aThe 
cross-tabulations between time and self-reported health (Pearson’s chi2(6) = 612.9177 P < 0.001), Sex (Pearson’s 
chi2(2) = 43.0865 P < 0.001) and Smoking (Pearson’s chi2(4) = 1.2e + 04 P < 0.001) show that the differences 
are statistically significant at an alpha level of 5%. bThe variances between the different surveys were checked 
with ANOVA for age. F(2) = 5329.73, p < 0.001; Comorbid disease: F(2) = 829.79, p < 0.001; Sys. BP: F(2) = 
229.84, p < 0.001; Dias. BP: F(2) = 120.50, p < 0.001; Total cholesterol: F(2) = 504.50, p < 0.001; HDL: F(2) = 
38.99, p < 0.001; BMI: F(2) = 788.27, p < 0.001.
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and mental health symptoms and a moderate to small effect size for the other risk factors. Despite being a subjec-
tive and immediate assessment of overall health, SRH was associated with other, more objective health measures.
Mortality hazard ratios in relation to self-reported health. A total of 7662 of 24336 subjects died 
between study entry in 1994 and the end of the study. The average follow-up time was 21.1 years. Among 1126 
subjects with poor SRH, 537 died, providing an incidence rate of 0.043 per person-year. In contrast, of 4433 sub-
jects with very good SRH, 346 died. The incidence rate for those with very good SRH (0.0043 per person-year) is 
therefore one-tenth of those with poor SRH. Figure 1 shows how the Kaplan-Meier survival estimates spread out 
over the levels of SRH.
A Cox proportional hazard model was used to determine the hazard ratios associated with lower levels of 
SRH. Table 3 shows the distribution and adjusted hazard ratios using baseline health metric scores and updated 
repeated scores as time-dependent covariates. Very good was the reference category since we expected it to be 
associated with the highest level of resilience towards mortality. The univariate estimates control for cohort and 
sex, while the adjusted ones are fully fitted for all variables. We see that higher levels of SRH were strongly asso-
ciated with lower mortality risk. The univariate model indicates that the hazard ratio decreased in approximately 
equal increments from very good to poor. Poor SRH had a hazard ratio for all-cause mortality of HR 2.51 (CI: 
2.19, 2.88), while not so good SRH had HR 1.94 (CI: 1.73, 2.17) as compared to very good SRH in the fully fitted 
model. Good SRH was associated with a 36% increased risk (HR 1.36 CI: 1.22, 1.52). This implies that the risk of 
all-cause mortality associated with reporting the lowest level of SRH is approximately two and a half times as high 
as the reference category.
We controlled for all the adjusted hazard ratios. We see that the adjusted HRs for the SRH categories are 
slightly lower, but the univariate HRs concur with the univariate model. Comorbid disease, hypertension, hyper-
lipidaemia, body mass, and smoking are all associated with a significant hazard ratio, but the relationship between 
all-cause death and hypertension and hyperlipidaemia is not significant in the fully fitted model. Despite the 
association (Table 2) between SRH and more objective health measures, we still regard the attenuation as very 
small when we control for these factors.
Time affected the hazard ratio for mortality. SRH is a subjective assessment of current health status. 
This implies that the evaluation is likely to change with age, onset of illness, or when other health-related factors 
change. Table 4 and Fig. 2 show SRH for the Tromsø 4 cohort without updated values at five-year intervals. The 
aim of the analysis was to examine how the HRs changed during the time since SRH was rated in 1994. We see 
how the HRs decreased in the same cohort when comparing the events in five-year periods of the follow-up time. 
There are no overlapping events, and we used only the baseline data. As expected for a subjective/self-reported 
measurement, the association is strongest in the beginning; however, SRH still predicted mortality 15–20 years 
after the question was answered in 1994.
Table 5 shows the results of hazard ratios of self-reported health by survey and age groups. When comparing 
the age-sex adjusted model (model 1) and the fully fitted model (model 2), we see that overall HR decreases as 
Age Comorbid disease (HII) Systolic blood pressure/mmHg Diastolic blood pressure/mmHg Total cholesterol/mmol/l
Mean SE
Crude 
mean SE
Adjusted 
mean SE
Crude 
mean SE
Adjusted 
mean SE
Crude 
mean SE
Adjusted 
mean SE
Crude 
mean SE
Adjusted 
mean SE
Self-reported health
Poor 59.59 0.66 2.85 0.13 1.91 0.10 141.55 1.03 133.79 0.85 80.75 0.57 78.30 0.61 6.40 0.06 6.11 0.05
Not so 
good 54.97 0.18 1.76 0.03 1.41 0.02 140.41 0.29 134.73 0.22 81.22 0.16 78.75 0.15 6.44 0.02 6.17 0.02
Good 45.89 0.12 0.70 0.01 0.74 0.01 134.11 0.17 135.69 0.15 78.20 0.10 78.79 0.10 6.02 0.01 6.09 0.01
Very Good 39.71 0.19 0.37 0.01 0.42 0.02 128.48 0.26 133.46 0.40 74.41 0.18 77.16 0.25 5.65 0.02 5.98 0.03
P-value <0.001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.001
HDL/mmol/l Mental health BMI/kg/m2 Daily smokers
Crude 
mean SE
Adjusted 
mean SE
Crude 
mean SE
Adjusted 
mean SE
Crude 
mean SE
Adjusted 
mean SE Smokers
Non-
smokers
Self-reported health
Poor 1.49 0.02 1.48 0.02 2.06 0.03 2.09 0.04 25.79 0.22 25.38 0.28 41.9% 58.1%
Not so 
good 1.50 0.01 1.48 0.01 1.70 0.01 1.74 0.01 25.91 0.05 25.57 0.06 39.6% 60.4%
Good 1.50 0.00 1.51 0.00 1.47 0.00 1.46 0.00 25.14 0.03 25.20 0.03 36.9% 63.1%
Very Good 1.53 0.01 1.55 0.01 1.30 0.00 1.29 0.01 24.21 0.05 24.66 0.07 27.3% 72.7%
P-value <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
Table 2. Observed values versus self-rated health at baseline. ANOVA confirms that there is a significant 
(p < 0.0001) effect of SRH for all risk variables. Test results were for age F(3) = 1259.02, p < 0.0001, ω = 0.13; 
Comorbid disease F(3) = 1102.58, p < 0.0001, ω = 0.12; Total cholesterol F(3) = 549.2, p < 0.0001, ω = 0.04; 
HDL F(3) = 549.2, p < 0.0001, ω = 0.04; Systolic blood pressure F(3) = 310.7, p < 0.0001, ω = 0.04; Diastolic 
blood pressure F(3) = 253.3, p < 0.0001, ω = 0.03.
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expected when controlled for more objective health measures. The confounders had the most substantial effect 
for the youngest age group, while the attenuation is less pronounced in the oldest age group.
Discussion
In this study, we have shown strong relationships between SRH and all-cause mortality over a twenty-five-year 
follow-up period, with higher SRH levels associated with beneficial hazard ratios. Despite being a subjective and 
immediate assessment of overall health, SRH was associated with other, more objective health measures. This 
correlation explains why HRs decrease when controlling for clinical conditions and other risk factors; however, 
SRH remains an independent predictor of mortality, even when controlling for more objective health measures.
Being an immediate and subjective assessment, one would also expect that SRH at one moment in time would 
provide information about morbidities, but over time the impact of SRH might be expected to diminish substan-
tially. Attenuation due to time takes place as initial effects are likely to be due to both undiagnosed conditions 
and coping abilities, which lead to subtle changes in subjective health status.We found that the predictive ability 
of SRH remained statistically significant over the entire follow-up period, but was attenuated with time. This 
suggests that although SRH is a subjective and time-dependent instrument, it is still a stable measure over time.
Our study also shows that disease, mental health and subclinical conditions all form part of the ability of SRH to 
predict mortality. Kaplan et al. were the first to describe how the effect of SRH was attenuated when controlling for 
disease and subclinical conditions. They concluded that SRH levels mainly reflect underlying disease burden, and 
therefore predict mortality19. Later studies have reproduced Kaplan’s results but challenge his conclusion because 
SRH also reflects coping resources and influences health-related behaviour that affects outcome, and might include 
a health awareness not captured by the specific health indicators but relevant to a rating of overall health4,10–17,20,21.
We see that SRH is not only correlated to known diseases and other objective health measures but also other 
less easily measured components of health status. The overall pattern of our study suggests that the predictive 
ability of SRH goes beyond the traditional concept of health as the absence of disease, which implies that SRH is 
a multidimensional concept incorporating many aspects of health-relevant behaviour for survival. From a health 
theory perspective, there is a fundamental idea that bodily perceptions can be transformed in response to experi-
ences of illness and health22,23. The principal point is that any person will have an overall evaluation of themselves 
that represents an immediate awareness or response to their circumstances24. Some of these experiences are per-
ceived as experiences of health or illness25,26.
As suggested by our study, several authors argue strongly that SRH seems to go beyond a model of health as 
the absence of disease, and thus helps to identify at-risk individuals and illuminate underlying illnesses that may 
otherwise go undetected during routine examinations of both patients and healthy populations4,19,20,27. It is also 
proposed that SRH reflects comorbidity better than an additive measure of diseases15,17,27. SRH is more inclusive 
than the covariates used in many studies; the idea is that SRH reflects the state of the human organism, which 
is one reason why SRH is supposed to predict mortality20 and why the HRs are supposed to decrease when con-
trolled for objective measures of health status18.
Our observation contributes therefore to an ongoing debate on why SRH predicts mortality. Its ability to pre-
dict death can hardly imply that SRH has a significant role in a biological causative chain leading to death. The 
idea is that SRH is a statistical (rather than causative) predictor of mortality because of its ability to reflect the state 
of the human organism20.
Future research should investigate both the logic that governs people’s reasoning about their health and the 
physiological processes that underlie bodily feelings and sensations. The focus of future research should also be 
on the pathways that mediate information from the human organism to individual consciousness, thus incorpo-
rating that information into self-ratings of health. Lower SRH scores may help identify at-risk individuals and 
illuminate underlying illnesses that may go otherwise undetected during routine evaluations.
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Figure 1. Kaplan-Meier survival estimates for different levels of self-reported health. The survival curve 
grouped by self-reported health categories in Tromsø 4 (1994).
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Self-rated health combines culture, psychology, and biology; an interdisciplinary research effort can improve 
our understanding of SRH as a key measure of health status. We included daily smoking, but future studies should 
examine the interaction between SRH and health-related behaviours more comprehensively.
Strengths and limitations. It should be noted that not all participants took part in each survey of the study 
because Tromsø 5 and 6 included a limited and random selection of participants. Some bias could have been 
introduced if a change in health status had affected participation during the study period, for example, if those 
whose health status worsened were less likely to participate in subsequent surveys. The level of non-participation 
was however not a loss to follow-up due to refusal to take part, but was because people were not invited to subse-
quent surveys. We therefore regard this as random and unlikely to have resulted in bias. A strength of this study 
was that follow-up data on the outcome (all-cause mortality) was almost complete for all participants.
It should be noted here that, as in many other studies, self-reported health was assessed using only one general 
question on the person’s health. This gives a straightforward overall assessment of self-reported health, measured 
consistently at three time points but does not allow for untangling the relevant dimensions of self-reported health 
(e.g. physical health compared to mental health) as is possible with self-reported health scores such as the SF-36 
No. of 
observations
Person-
time 
(years) Died Rate
Hazard ratio 
(univariate) LLCI ULCI
Hazard ratio 
(adjusted) LLCI ULCI
Self-Reported Health
Poor 1126 12349 537 0.043 2.51 2.19 2.88 1.99 1.72 2.31
Not so good 8918 130490 3620 0.028 1.94 1.73 2.17 1.69 1.51 1.90
Good 15694 290892 3159 0.011 1.36 1.22 1.52 1.28 1.15 1.43
Very good (Baseline) 4433 80484 346 0.0043 1.00 1.00
Age and sex
Cohort (Year born) 24336 514214 7662 0.015 0.89 0.89 0.90 0.90 0.89 0.90
Women (Baseline) 12684 271367 3744 0.014 1.00 1.00
Men 11652 242847 3918 0.016 1.54 1.47 1.61 1.69 1.61 1.77
Disease and risk factors
Comorbid disease 24336 514214 7662 0.015 1.05 1.04 1.06 1.03 1.02 1.04
Hypertension
Normal blood pressure 
(baseline) 6895 128111 711 0.006 1.00 1.00
Sub-threshold 11982 208321 1776 0.009 0.91 0.84 1.00 0.94 0.86 1.03
Hypertension 11046 177783 5175 0.029 0.98 0.91 1.07 1.08 0.99 1.18
Hyperlipidaemia
Ideal values (Baseline) 5096 95028 627 0.007 1.00 1.00
Sub-threshold 19315 365522 5427 0.015 0.94 0.86 1.02 0.96 0.88 1.04
Hyperlipidaemia 3938 53664 1608 0.030 1.05 0.95 1.15 1.04 0.95 1.15
Mental health group
No symptoms 
(Baseline) 5807 82096 1115 0.014 1.00 1.00
Some symptoms 17075 292491 4182 0.014 1.27 1.19 1.36 1.14 1.07 1.22
Sub-threshold 6598 102174 1647 0.016 1.40 1.30 1.51 1.12 1.03 1.21
Significant symptoms 2460 37453 718 0.019 1.62 1.47 1.78 1.13 1.02 1.25
BMI group
<18.5 kg/m2 377 5575 172 0.031 1.94 1.66 2.26 1.59 1.36 1.86
18.5–25 kg/m2 
(baseline) 12932 247198 3012 0.012 1.00 1.00
25–30 kg/m2 11365 196558 3128 0.016 0.88 0.84 0.92 0.91 0.87 0.96
>30 kg/m2 3963 64883 1350 0.021 0.98 0.92 1.05 0.98 0.92 1.05
Smoking status
Current smoker 
(baseline) 9132 171827 2520 0.015 1.00 1.00
Previous 5190 63165 1188 0.019 0.48 0.44 0.51 0.47 0.44 0.51
Never smoked 15540 279222 3954 0.014 0.59 0.56 0.62 0.62 0.59 0.65
Table 3. Distribution and adjusted hazard ratios for self-reported health, comorbid disease, mental health, and 
biometric scores using baseline health metric scores and updated repeated scores as time-dependent covariates. 
HR = Hazard ratio, LLCI = Lower level 95% confidence interval, ULC I = Upper level 95% confidence interval, 
Number of participants = 24336, deaths = 7662, time at risk = 514214.4 person years, LR chi2(16) = 14125.79, 
p < 0.0001. Note: Variables in time-varying covariates equation interacted with time. Univariate model is sex- 
and age-adjusted.
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and SF-12. We assessed co-morbidity in this study by self-reported diagnosis. Some bias may therefore have been 
introduced through inaccuracy of reporting. Participant knowledge of comorbidities could have been influenced 
by factors related to self-reported health such as the severity of the disease, the level of health-seeking behaviour 
which led to obtaining a diagnosis, and participants’ awareness of their health status influencing the accuracy 
of reporting comorbidities. While this study was able to adjust for a wide range of health-related factors, it is 
acknowledged that there are other objective measures of health, e.g. grip strength, where data were not available.
conclusion
SRH predicted mortality, but with a time-dependent effect. SRH is affected by disease, mental health and other 
risk factors, but still predicts mortality independently. We conclude that SRH is still an instrument that has both 
methodological and clinical value, but its independence from known physical illness and other objective health 
measures implies that it should not be uncritically utilised as a replacement variable when such measures are 
lacking.
0–5 years 6–10 years 11–15 years 15–21 years
HR LLCI ULCI HR LLCI ULCI HR LLCI ULCI HR LLCI ULCI
Model 1
Self-reported health
Poor 4.72 3.02 7.38 2.22 1.72 2.87 1.63 1.17 2.26 2.09 1.61 2.72
Not so 
good 2.86 1.90 4.30 2.01 1.65 2.46 1.31 1.05 1.64 1.59 1.35 1.88
Good 1.55 1.03 2.34 1.53 1.25 1.87 0.98 0.78 1.22 1.25 1.06 1.48
Very good 
(baseline) 1.00 1.00 1.00 1.00
Model 2
Self-reported health
Poor 3.63 2.30 5.73 1.92 1.48 2.50 1.43 1.02 2.00 1.58 1.21 2.06
Not so 
good 2.50 1.66 3.77 1.87 1.52 2.29 1.22 0.97 1.53 1.37 1.16 1.63
Good 1.50 1.00 2.26 1.51 1.24 1.84 0.97 0.78 1.21 1.18 1.00 1.39
Very good 
(baseline) 1.00 1.00 1.00 1.00
Table 4. Self-reported health for the Tromsø 4 cohort without updated values at five-year intervals to examine 
how its predictive value diminished over time. Model 1 is age- and sex-adjusted estimates. Model 2 is adjusted 
for all confounders. HR = hazard ratio, LLCI = Lower level 95% confidence interval, ULCI = Upper level 95% 
confidence interval.
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Figure 2. Development of hazard ratio over time. (A) All hazard ratios are controlled for age and sex. (B) 
Adjusted mortality risk also controls for pathology and other risk variables.
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Method
Sample and design. The Tromsø Study is a prospective cohort study consisting of seven repeated popula-
tion health surveys. They are referred to as Tromsø 1–7 and were carried out in 1974, 1979–80, 1986–87, 1994–95, 
2001, 2007–08, and 2015–16. The study includes large, representative samples of the Tromsø population, with the 
invitation of whole birth cohorts and random samples28. The longitudinal design allows us to collect data with the 
same sample within the Tromsø population. Tromsø 4 was the most extensive survey and included 27158 subjects. 
Tromsø 4–6 included a second visit with a more extensive examination of the participants. SRH was introduced 
in the 1986–87 survey; nevertheless, we chose Tromsø 4 as the baseline for two reasons. First, all inhabitants in 
Tromsø Municipality born before 1970 were invited (the attendance rate was 77%). Tromsø 5 invited all par-
ticipants who took part in the second visit in Tromsø 4. Tromsø 6 invited all participants from Tromsø 4 for 
follow-up surveys. Second, Tromsø 3 included SRH but focused on cardiovascular diseases. Although it included 
18165 participants, only 14161 of these were followed up in Tromsø 4. Tromsø 3 would therefore have resulted 
in a smaller cohort and have led to concerns regarding missing variables and attrition. For the survival analysis, 
we followed all participants in Tromsø 4 (N = 25251) from the day of study entry in 1994 to the date of death or 
the end of follow-up on 31 December 2017. The subgroups of the cohort are based upon the SRH category they 
reported. We excluded subjects who had missing values for SRH (n = 40) or any of the other variables at baseline 
(n = 884). Thus, we included 24309 participants (52% women) aged 25–97 years at baseline for the analysis.
We updated SRH and risk factor values at the time of examination for all subjects who attended again in 
Tromsø 5 (n = 6808) and Tromsø 6 (n = 9313).
The Regional Committee for Medical and Health Research Ethics (REC) and the Norwegian Centre for 
Research Data (NSD) have approved the Tromsø Study. The study was performed in accordance with relevant 
guidelines and regulations (i.e. the Helsinki Declaration, Vancouver Convention, and Norwegian legislation). 
Informed consent was obtained from all participants.
Measurements. The participants completed well-validated surveys that included questions on a broad range 
of diseases, symptoms, health behaviour, social conditions, education, and level of physical activity. The concep-
tual model was that SRH predicts all-cause mortality and that this effect can vary with sex, age, comorbidity, and 
other known risk factors. All-cause mortality is the outcome of interest, while SRH was the independent variable 
of interest. We treated the other variables as confounders for the sake of the presentation.
We retrieved the time of death from the Norwegian National Cause of Death Registry. The degree of coverage 
of the registry is near-complete29. SRH was reported by answering the survey question ‘What is your current state 
of health?’ with answers ranging from very poor (1) to very good (5) in Tromsø 3 and 6, and ranging from poor 
(1) to very good (4) in Tromsø 4 and 5. Since less than 0.37% of the participants rated their health as very poor, we 
merged poor and very poor for the sake of the analysis.
Specially trained personnel took non-fasting blood samples and measured blood pressure (SBP/DBP), cho-
lesterol, body weight and height. Comorbid diseases were self-reported specific medical conditions. We selected 
13 symptomatic medical conditions known to be associated with SRH and mortality: myocardial infarction, 
angina, cerebrovascular stroke, diabetes, bronchitis, asthma, duodenal and gastric ulcer, arthrosis, osteoporosis, 
psoriasis, migraine, and thyroid disease. The severity of the disease affects the level of SRH. Therefore, we used 
the Health Impact Index (HII) to measure the comorbid conditions. HII classifies individuals with a comorbid 
disease according to the impact that each condition has on SRH by assigning a weight to each condition. The HII 
represents the subject’s total score for all conditions; thus, HII considers both the severity and joint effects of con-
ditions30. We have added supplementary information to show the association between these diagnoses and SRH.
Mental health symptoms were based on well-validated self-report symptom inventories comprising ques-
tions representative of the symptom configurations of anxiety and depression commonly observed among 
25–54 55–74 75 or above
HR LLCI ULCI HR LLCI ULCI HR LLCI ULCI
Model 1
Self-reported health
Poor 3.11 2.36 4.10 2.44 2.02 2.94 2.38 1.63 3.47
Not so 
good 2.01 1.67 2.42 1.82 1.55 2.13 1.90 1.35 2.67
Good 1.24 1.04 1.48 1.31 1.11 1.53 1.43 1.01 2.01
Very good 
(baseline) 1.00 1.00 1.00
Model 2
Self-reported health
Poor 2.31 1.73 3.07 2.07 1.71 2.52 2.02 1.37 2.96
Not so 
good 1.60 1.32 1.94 1.71 1.46 2.01 1.74 1.23 2.45
Good 1.09 0.91 1.30 1.28 1.09 1.51 1.44 1.02 2.03
Very good 
(baseline) 1.00 1.00 1.00
Table 5. Results from Cox proportional hazard models of mortality risk of self-reported health stratified by 
age. Model 1 is age- and sex-adjusted estimates. Model 2 is adjusted for age, sex, morbidity and risk factors. 
HR = hazard ratio, LLCI = Lower level 95% confidence interval, ULCI = Upper level 95% confidence interval.
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outpatients. Each answer is scored from 1 to 4. The measurement is the average score. The mental health index 
(CONOR-MHI) was used at TS4. In the following surveys (TS5–6), the Hopkins Symptom Checklist (HSCL) was 
used (13). The CONOR-MHI has been compared with the HSCL with reasonably good agreement. It was highly 
correlated with HSCL-10 (r = 0.8). A cut-off level of 2.15 for significant symptoms is equivalent to the 1.85 level 
in HSCL-10 (14).
Hypertension is defined as having systolic blood pressure above 140 mmHg, diastolic blood pressure above 
90 mmHg, or being on active treatment. Hyperlipidaemia is defined as having either total cholesterol levels above 
8 mmol/l, Low-density lipoprotein cholesterol (LDL) above 5 mmol/l or being on active treatment.
Statistical analysis. We used STATA v15 for all statistical analysis. Follow-up time was person-age. Subjects 
entered and exited at their age measured in days. Time extended from the date of study entry to the date of death, 
or end of follow-up on 31 December 2017. We used Cox proportional hazard regression to estimate HRs of death 
using scores for exact age in days at the first survey in which participants took part in addition to SRH, BMI, 
comorbid disease, and physical examination scores as time-dependent covariates. All scores were updated in 2001 
and 2007/8 for those who participated. The primary model in Table 3 includes repeated measures of SRH in an 
attempt to capture changes in self-reported health over time.
SHR is not necessarily a stable measure and may change over time. It is reasonable to assume that over time its 
impact would diminish to a considerable degree. We wanted to examine how SRH at one moment in time can be 
very informative, but as time goes on, it becomes less relevant to subsequent health status. We therefore repeated 
the analysis above without updating SRH from the first survey. We also checked SRH without updated values at 
five-year intervals to examine how its predictive value diminished over time. The results are presented in Table 4.
The proportional hazard assumption was verified by visual inspection of log-log survival curves and by tests 
of Schoenfeld residuals. The visual inspection and the Schoenfeld test indicated that the proportional hazard 
assumptions were not violated.
Public health has changed in Norway during the time of observation. We wanted to examine whether the asso-
ciations remained stable during the period or whether the changes could be a cohort effect. We therefore stratified 
the cohort by age at baseline (25–54 years, 55–74 years, and 75 or above). Model 1 is age- and sex-adjusted HR, 
while model 2 includes all covariates. Very good was the baseline category.
Data availability
Data is available from the Tromsø Study for researchers who meet the criteria for access to confidential data 
(https://en.uit.no/prosjekter/prosjekt?p_document_id=80172). Readers may also contact Professor Sameline 
Grimsgaard sameline.grimsgaard@uit.no, to request the data or receive a confirmation that data will be available 
upon request to all interested researchers. Furthermore, all variables are described in the NESSTAR database. 
http://tromsoundersokelsen.uit.no/webview/.
Received: 22 September 2019; Accepted: 25 February 2020;
Published: xx xx xxxx
References
 1. Ganna, A. & Ingelsson, E. 5 year mortality predictors in 498 103 UK Biobank participants: a prospective population-based study. 
Lancet (London, England) 386, https://doi.org/10.1016/s0140-6736(15)60175-1 (2015).
 2. Hirve, S. et al. Unpacking self-rated health and quality of life in older adults and elderly in India: A structural equation modelling 
approach. Soc. Indic. Res. 117, 105–119, https://doi.org/10.1007/s11205-013-0334-7 (2014).
 3. Craigs, C. L., Twiddy, M., Parker, S. G. & West, R. M. Understanding causal associations between self-rated health and personal 
relationships in older adults: A review of evidence from longitudinal studies. Arch. Gerontol. Geriatr. 59, 211–226, https://doi.
org/10.1016/j.archger.2014.06.009 (2014).
 4. Hardy, M. A., Acciai, F. & Reyes, A. M. How health conditions translate into self-ratings: A comparative study of older adults across 
Europe. J. Health Soc. Behav. 55, 320–341, https://doi.org/10.1177/0022146514541446 (2014).
 5. Eriksson, I., Undén, A.-L. & Elofsson, S. Self-rated health. Comparisons between three different measures. Results from a population 
study. Int. J. Epidemiol. 30, 326–333, https://doi.org/10.1093/ije/30.2.326 (2001).
 6. Vingilis, E. R., Wade, T. J. & Seeley, J. S. Predictors of adolescent self-rated health: Analysis of the National Population Health Survey. 
Can. J. Public Health Rev. Can. Santé Publique 93, 193–197, https://doi.org/10.2307/41993476 (2002).
 7. Franks, P., Gold, M. R. & Fiscella, K. Sociodemographics, self-rated health, and mortality in the US. Soc. Sci. Med. 56, 2505–2514, 
https://doi.org/10.1016/S0277-9536(02)00281-2 (2003).
 8. Mikolajczyk, R. T. et al. Factors associated with self-rated health status in university students: a cross-sectional study in three 
European countries. BMC Public Health 8, 215 (2008).
 9. Jylhä, M., Guralnik, J. M., Ferrucci, L., Jokela, J. & Heikkinen, E. Is self-rated health comparable across cultures and genders? J. 
Gerontol. B Psychol. Sci. Soc. Sci. 53, S144–S152 (1998).
 10. Mavaddat, N. et al. What determines self-rated health (SRH)? A cross-sectional study of SF-36 health domains in the EPIC-Norfolk 
cohort. J. Epidemiol. Community Health 65, 800–806, https://doi.org/10.1136/jech.2009.090845 (2011).
 11. Lorem, G. F., Schirmer, H., Wang, C. E. A. & Emaus, N. Ageing and mental health: Changes in self-reported health due to physical 
illness and mental health status with consecutive cross-sectional analyses. BMJ Open 7:e013629, 1–9, https://doi.org/10.1136/
bmjopen-2016-013629 (2017).
 12. Burström, B. & Fredlund, P. Self rated health: Is it as good a predictor of subsequent mortality among adults in lower as well as in 
higher social classes? J. Epidemiol. Community Health 55, 836–840, https://doi.org/10.1136/jech.55.11.836 (2001).
 13. Tomten, S. E. S. Self-rated health showed a consistent association with serum HDL-cholesterol in the cross-sectional Oslo Health 
Study. Int. J. Med. Sci. 4, 278–287 (2007).
 14. Lorem, G. F., Schirmer, H. & Emaus, N. What is the impact of underweight on self-reported health trajectories and mortality rates: 
a cohort study. Health Qual. Life Outcomes 15, 191, https://doi.org/10.1186/s12955-017-0766-x (2017).
 15. Benyamini, Y. Why does self-rated health predict mortality? An update on current knowledge and a research agenda for 
psychologists. Psychol. Health 26, 1407–1413 (2011).
9Scientific RepoRtS |         (2020) 10:4886  | https://doi.org/10.1038/s41598-020-61603-0
www.nature.com/scientificreportswww.nature.com/scientificreports/
 16. Idler, E. L. & Benyamini, Y. Self-rated health and mortality: a review of twenty-seven community studies. J. Health Soc. Behav. 38, 
21–37 (1997).
 17. Bishop, F. & Yardley, L. The development and initial validation of a new measure of lay definitions of health: The wellness beliefs 
scale. Psychol. Health 25, 271–287 (2010).
 18. Kaplan, M. S. et al. The predictive validity of health-related quality of life measures: mortality in a longitudinal population-based 
study. Qual. Life Res. 16, 1539–1546, https://doi.org/10.1007/s11136-007-9256-7 (2007).
 19. Kaplan, G. A. et al. Perceived health status and morbidity and mortality: Evidence from the Kuopio Ischaemic Heart Disease Risk 
Factor Study. Int. J. Epidemiol. 25, 259–265, https://doi.org/10.1093/ije/25.2.259 (1996).
 20. Jylhä, M. What is self-rated health and why does it predict mortality? Towards a unified conceptual model. Soc. Sci. Med. 69, 
307–316, https://doi.org/10.1016/j.socscimed.2009.05.013 (2009).
 21. DeSalvo, K. B., Bloser, N., Reynolds, K., He, J. & Muntner, P. Mortality prediction with a single general self-rated health question. J. 
Gen. Intern. Med. 21, 267–275 (2006).
 22. Leder, D. The Absent Body. (University of Chicago Press, 1990).
 23. Nordenfelt, L. Concepts of health and their consequences for health care. Theor. Med. Bioeth. 14, 277–285, https://doi.org/10.1007/
bf00996335 (1993).
 24. Heidegger, M. Sein und Zeit. 17th edn. (Niemeyer, 1993).
 25. Pytko, A. “I’m not sick, I just have pain”: Silence and (Under) Communication of Illness in a Nicaraguan Village. in “The Patient” 
(pp.27–42), Oxford University Press/Inter-Disciplinary Press (2009).
 26. Gadamer, H.-G. The Enigma of Health: The Art of Healing in a Scientific Age. (Stanford University Press, 1996).
 27. Idler, E. L. & Benyamini, Y. Self-rated health and mortality: a review of twenty-seven community studies. J. Health Soc. Behav. 21–37 
(1997).
 28. Jacobsen, B. K., Eggen, A. E., Mathiesen, E. B., Wilsgaard, T. & Njølstad, I. Cohort profile: The Tromsø Study. Int. J. Epidemiol. 41, 
https://doi.org/10.1093/ije/dyr049 (2012).
 29. Pedersen, A. & Ellingsen, C. Data quality in the Causes of Death Registry. Tidsskr. Nor. Laegeforen. 135, 768 (2015).
 30. Lorem, G. F., Schirmer, H. & Emaus, N. Health Impact Index. Development and validation of a method for classifying comorbid 
disease measured against self-reported health. PloS One 11, https://doi.org/10.1371/journal.pone.0148830 (2016).
Acknowledgements
UiT The Arctic University of Norway funded the study. The study sponsor had no role in the design and 
implementation of the study; collection, management, analysis, and interpretation of the data; preparation, 
review, or approval of the manuscript or the decision to submit the manuscript for publication.
Author contributions
Lorem, Cook, Schirmer, Leon and Emaus, had full access to all of the data in the study and took responsibility 
for the integrity of the data and the accuracy of the data analysis. Study concept and design: Lorem, Schirmer, 
and Emaus. Acquisition, analysis or interpretation of data: Lorem, Cook, Leon, and Schirmer. Statistical analysis: 
Lorem. Drafting of the manuscript: Lorem. Critical revision of the manuscript for important intellectual content: 
Lorem, Cook, Schirmer, Leon, Emaus. Administrative, technical or material support: The Tromsø Study of UiT 
The Arctic University of Norway provided the data.
competing interests
The authors declare no competing interests.
Additional information
Supplementary information is available for this paper at https://doi.org/10.1038/s41598-020-61603-0.
Correspondence and requests for materials should be addressed to G.L.
Reprints and permissions information is available at www.nature.com/reprints.
Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.
Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.
 
© The Author(s) 2020
